The mammalian brain shows remarkable plasticity, ranging from structural changes in 78 synapses to circuit remodeling and continued neurogenesis. In the adult brain two main 79 areas support ongoing neurogenesis, the subgranular layer of the dentate gyrus and the 80 subventricular zone (SVZ) of the lateral ventricle (Zhao et al., 2008) . Neurons born in 81 the SVZ migrate anteriorly and differentiate into mainly inhibitory interneurons of the 82 olfactory bulb (OB). These newborn interneuron subtypes include both periglomerular 83 and granule cells (GCs), both of which are known to form dendrodendritic synapses 84 onto the principal excitatory cells of the olfactory circuit, the mitral and tufted cells (Lledo 85 and Saghatelyan, 2005) . A popular working model for dendrodendritic signaling in the 86 OB is one of lateral inhibition, in which interneurons sculpt mitral cell firing properties 87 prior to relaying odor information to cortical targets. This inhibitory refinement of mitral 88 cell firing is thought to ultimately provide contrast enhancement between different odor-89 detection circuits and drive synchronous activity among cohorts of mitral cells. little is known about the circuit level modifications or behavioral changes that 99 accompany this phenomenon. In order to assess such functions, detailed studies are 100 required to reveal the morphological and electrophysiological network dynamics, as well 101 as the behavioral changes that result from manipulations that alter the rates of 102
neurogenesis. 103
In a recent study published in the Journal of Neuroscience by Breton-Provencher 104 and colleagues titled "Interneurons Produced in Adulthood Are Required for the Normal 105
Functioning of the Olfactory Bulb Network and for the Execution of Selected Olfactory 106
Behaviors", the authors convincingly demonstrate for the first time that the phenomenon 107 of continued adult neurogenesis in the rodent olfactory system is important to the 108 maintenance of circuit-based feedback inhibition onto mitral cells and the biological 109 process of forming spontaneous short-term odor memories (Breton-Provencher et al., 110
2009). 111
To investigate the functional significance of continued neurogenesis in the 112 olfactory bulb, the authors used a pharmacological approach to chronically block the 113 division of progenitor cells born in the SVZ. This was accomplished by continuously 114 infusing AraC into the lateral ventricle using a mini-osmotic pump. AraC is a potent 115 antimitotic drug commonly used as a chemotherapeutic for leukemia and lymphoma for 116 its selective inhibition of cell division. After suppressing olfactory neurogenesis for one 117 month, the time required for neural progenitors to reach maturation and become 118 synaptically integrated into OB circuits, the authors conducted a battery of cellular, 119 electrophysiological, and behavioral assays to elucidate the network effects of 120 neurogenic ablation. 121
Long-term interference of neurogenesis has been shown to lower the numbers of 122 inhibitory interneurons in the OB, arguing a role for structural maintenance (Imayoshi et 123 al., 2008) . However, the short-term circuit effects have remained unknown. 124
Interestingly, results from this study show that acute ablation of OB neurogenesis does 125 not affect the anatomy of the pre-existing bulbar circuitry. Using immunohistochemistry, 126
BrdU labeling, and viral reporter expression to visually track neurons born prior to AraC 127 treatment, the authors found that the overall integrity of the treated OB tissue was 128 normal, and that both the numbers and morphologies of pre-existing GCs remained 129 unchanged. This is an interesting observation given that over 30,000 progenitors 130 migrate into the bulb daily (Alvarez-Buylla et al., 2001). Perhaps acute loss of newborn 131 interneurons in the OB triggers a compensatory mechanism for increased resident 132 neuron survival, or alternatively 28 days of AraC infusion may simply not be sufficient to 133 cause a detectable decrease in overall cell numbers. 134
To determine the cellular and network repercussions of ablating neurogenesis in 135 the OB, the authors targeted their analysis to the mitral cells, which are known synaptic 136 partners of newborn neurons (Lledo and Saghatelyan, 2005) . Through dendrodendritic 137 interactions, newborn GCs form reciprocal synapses with mitral cells, in which excitatory 138 mitral-to-granule synapses localize directly adjacent to inhibitory granule-to-mitral 139 scaffolds (Price and Powell, 1970) . The sum output of this interaction is that glutamate 140 release from odor-stimulated mitral cells induces a counter release of GABA from 141 synaptically connected GCs back onto neighboring mitral cells, thereby sculpting 142 patterns of mitral cell firing through feedback inhibition (Fig. 1A) . Experimentally, this 143 
mice. 154
Granule-to-mitral cell inhibition has been shown to be important for synchronizing 155 the activity of mitral cell cohorts, which is believed to be critical for proper olfaction 156 (Lagier et al., 2007) . To evaluate the network-level effects of less inhibitory drive onto 157 mitral cells, the authors recorded local field potentials (LFPs) from the mitral cell layer in 158 response to olfactory nerve stimulation. Whereas controls showed normal oscillatory 159 activity, AraC treated mice showed a reduction in oscillatory peak frequencies. At the 160 cellular level these findings demonstrate that acute suppression of adult neurogenesis 161 in the OB does not affect the existing bulbar circuitry, but results in fewer inhibitory 162 synapses onto the mitral cell population, and that a continuous supply of interneurons is 163 required for the proper maintenance of inhibitory drive underlying OB network activity 164 (Fig. 1A) . 165
It is generally thought that inhibitory sculpting of mitral cell activity is critical for 166 normal olfactory processing (Lledo and Saghatelyan, 2005; Lagier et al., 2007) . 167
Establishing that ongoing neurogenesis in the OB is required to maintain appropriate 168 levels of inhibitory drive onto mitral cells, the authors next set out to determine the 169 functional circuit-level effects of neurogenic suppression by investigating odor-170 associated behaviors. Importantly, prior to conducting odor response tests, the authors 171
showed that chronic AraC treatment had no adverse effects upon general non-olfactory 172 behaviors, including locomotion, exploration, motivation, or anxiety. Interestingly 173 however, the authors found that continuous OB neurogenesis is required for discrete 174 subsets of odor-associated behaviors. For example, mice with ablated neurogenesis 175 had lower odor concentration detection capacities, but were not affected in qualitative 176 odor discrimination tasks. In addition, mice treated with AraC also exhibited differential 177 memory deficits. Whereas long-term odor-associated memories seemed to be 178 unaffected by AraC treatment, short-term odor memory was specifically compromised. 179
In experiments where mice were subjected to paired novel odor presentation tasks, 180
AraC treated animals failed to recognize previously presented odors at time points 181 greater than 30 minutes, whereas controls showed a clear memory of previously 182 presented odors beyond 2 hours. Taken together, these findings reveal a clear role for 183 adult OB neurogenesis towards the functional maintenance of the OB circuitry. 184
Although the phenomenon of adult neurogenesis has been investigated 185 extensively, until recently it has been difficult to ascertain its biological function. short-term odor memory at inhibitory OB synapses in the main olfactory bulb (Fig. 1B) . 198
How could a mechanism involving inhibition and/or oscillations of local inhibitory circuits 199
give rise to a memory? Why would this be specific to short-term odor memory? To date, many systemic or genetic manipulations that target changes in rates of 210 adult neurogenesis invariably affect cell division in both the OB and hippocampus 211 (Imayoshi et al., 2008) . Here the authors demonstrate that ventricular infusion of AraC 212 completely abolishes OB progenitor division while only marginally affecting the 213 hippocampus. This is an important point, since observed changes in network function 214 and behavioral output are being attributed to olfactory system maintenance rather than 215 considering a complex circuit interaction involving the hippocampus. This distinction is 216 difficult to make. Although AraC treatment did not affect hippocampal neurogenesis to 217 the same extent of that observed in the OB, it remained partially intact. In addition, it 218 must be kept in mind that although this study nicely showed a role for newborn OB 219 neurons in short-term memory formation, AraC is a potent chemotherapeutic that 220 causes significant side effects in humans, including nausea and loss of appetite. Additionally, to gain a clearer understanding of the circuitry that underlies 235 olfaction, as well as the roles for ongoing neurogenesis in the adult brain, it will also be 236 essential to further elucidate the synaptic connectivity that is made onto newborn GCs 237 during their integration. In a sister article published in the same issue as the study 238 being reviewed, Panzanelli and colleagues describe a dynamic pattern of 239 synaptogenesis onto newborn neurons entering the bulb, in which they observe 240 synaptic structures forming proximally on GC cell bodies and dendrites earlier than the 241 establishment of dendrodendritic contacts with resident mitral cells (Panzanelli et al., 242 2009 ). This follows a previous report with similar findings (Whitman and Greer, 2007) . 243
It remains to be determined the exact local and centrifugal cell types that are forming 244 these early connections, but knowing their identity will be critical towards further 245 unraveling the biological purpose of olfactory bulb neurogenesis. 246
The study currently being reviewed represents a body of work that shows for the 247 first time the cellular and electrophysiological implications for adult-born neurons 248 towards OB network function and animal behavior. Better understanding the biology of 249 adult neurogenesis in models such as the rodent olfactory bulb will ultimately allow us to 250 elucidate some of the key molecular and genetic programs that govern neuron and 251 synapse development in the context of existing brain circuits. This is an important 252 endeavor if we ever hope to successfully repair or replace damaged or diseased 253 nervous tissue in the aging adult brain. 
